We investigated distractor processing in a dual-target rapid serial visual presentation (RSVP) task containing familiar objects, by measuring repetition priming from a priming distractor (PD) to Target 2 (T2). Priming from a visually identical PD was contrasted with priming from a PD in a different orientation from T2. We also tested the effect of attention on distractor processing, by placing the PD either within or outside the attentional blink (AB). PDs outside the AB induced positive priming when they were in a different orientation to T2 and no priming, or negative priming, when they were perceptually identical to T2. PDs within the AB induced positive priming regardless of orientation. These findings demonstrate (1) that distractors are processed at multiple levels of representation; (2) that the view-specific representations of distractors are actively suppressed during RSVP; and (3) that this suppression fails in the absence of attention.
Recent years have seen an explosion of interest in the study of temporal attention (see , for a review). A widely used paradigm to examine this construct is rapid serial visual presentation (RSVP), where stimuli are presented serially in the same spatial location for a fraction of a second and observers have to report one or several target items, defined either by a feature (e.g., color) or semantic category, while ignoring distractors. This paradigm offers researchers the opportunity to study the nature of the visual information that can be extracted essentially from a brief glance, as well as the cognitive fate of items selected for identification (i.e., targets) versus those that are not (i.e., distractors). Most of the research to date has focused on target processing in RSVP streams, with relatively little work focusing on the fate of the distractors (but see Dux, Coltheart, & Harris, 2006) . The present study is concerned primarily with the extent to which distractors are processed in RSVP and how attention modulates this processing.
Target Processing in RSVP
In RSVP experiments, identification of a single target item is normally performed with high accuracy, but severe processing limitations can occur under dual-task conditions when more than one target has to be processed within a short amount of time. Probably the most intensively studied such limitation is the attentional blink (AB; Raymond, Shapiro, & Arnell, 1992) . This phenomenon manifests as a severe difficulty in detecting and reporting a target stimulus that occurs within 200 to 600 ms following another target (the first and second targets are usually termed T1 and T2). Initial accounts of the AB proposed that it arises because of an early gating of attention, whereby detection of T1 triggers a period of suppression that shuts out subsequent items in the stream to prevent them from interfering with T1 identification (Raymond et al., 1992) . Subsequent research, however, has demonstrated that this early perceptual account of the AB is unlikely to be correct, given that items presented during the AB time window appear to be processed to a high level.
For example, some studies have found that intrinsically meaningful stimuli (e.g., one's own name, Shapiro, Caldwell, & Sorensen, 1997) , emotionally charged words (Keil & Ihssen, 2004) , or stimuli that have acquired importance through learnt associations (Livesey, Harris, & Harris, 2009; Raymond & O'Brien, 2009) are less susceptible to an AB. Conversely, missed targets during the AB can semantically prime a subsequent item, even though they are not consciously identified (Maki, Frigen, & Paulson, 1997; Shapiro, Driver, Ward, & Sorensen, 1997) . Related findings were reported by Luck, Vogel, and Shapiro (1996) , who provided electrophysiological evidence of semantic processing of T2 (as indexed by the N400 component of event-related scalp potentials) in the absence of conscious identification. Taken together, these findings indicate that missed targets during the AB are processed to the level of meaning, consistent with proposals that the AB deficit occurs at a relatively late, postperceptual, stage of information processing (Chun & Potter, 1995; Isaak, Shapiro, & Martin, 1999; Jolicoeur & Dell'Acqua, 1998; Olivers & Meeter, 2008; Shapiro, Raymond, & Arnell, 1994) .
Semantic priming within the AB has been replicated in a number of studies. By contrast, and somewhat paradoxically, repetition priming (i.e., facilitated processing of a stimulus following prior exposure to that same stimulus) has been less consistently observed. To our knowledge, only two studies have investigated repetition priming from a target presented during the AB. One study by Martens, Wolters, and van Raamsdonk (2002) failed to find repetition priming from missed words, despite finding repetition priming from successfully identified words presented during the AB temporal window or from words presented outside the AB (cf. Shapiro, Driver et al., 1997) . In contrast, a subsequent study found significant repetition priming from both identified and missed words (Pesciarelli et al., 2007) . A potentially important difference between these studies is that in the Martens et al. study the prime and probe were separated by a relatively long temporal delay (about 7 s), whereas in Pesciarelli et al.'s study, the prime and the probe were always separated by only 581 ms. Thus, it is possible that repetition priming was present in the Martens et al. study but dissipated before the probe was presented. If this explanation were correct, this would suggest that the perceptual representation of missed targets is much more fleeting than their semantic representation.
Distractor Processing in RSVP
It is perhaps not surprising that targets presented during the AB, which fail to reach consciousness, are nonetheless processed to a high level, given that participants are actively attending to, and attempting to report, these items. It is more remarkable that the ignored distractors in the RSVP stream also appear to be processed quite extensively.
For example, as is the case with targets, emotional distractors seem to be processed automatically and have been shown to capture attention and induce an AB (Arnell, Killman, & Fijavz, 2007; Most, Chun, Widders, & Zald, 2005; Most & Junge, 2008) . The amount and nature of distractor processing can also be gauged by measuring priming caused by these distractors. An early study by Maki et al. (1997) found associative (semantic) priming of T2 from a distractor word presented during the AB. This priming was short lived, however, and was only observed when the priming distractor (PD) immediately preceded T2-in other words, it only lasted for approximately 100 to 200 ms. Priming by distractors was also investigated by Chua, Goh, and Hon (2001) , who found that T2 report was enhanced when it was preceded by an identical distractor that occurred immediately after T1 (at position T1 ϩ 1). Similar to Maki et al.'s results, this priming was short lived (Ͻ300 ms). Of note, priming occurred when a T1 was present, but not when T2 was the only target in the stream. Chua and colleagues concluded that the presence of T1 triggers an attentional episode and that the PD, because of its privileged position trailing T1, benefitted from this attentional enhancement and as a result realized its potential as a prime. In contrast, more distant distractors (T1 ϩ 2 and beyond) or distractors placed before T1, which did not receive the same kind of attention, did not produce reliable priming. These findings are somewhat in disagreement with those of Maki et al., who found priming even when the PD was more distant from T1 and also when there was no requirement to report T1. It is unclear whether these differences are because of the type of stimuli used (letters by Chua et al. and words by Maki et al.) , the type of priming (repetition vs. associative priming) investigated by the two studies, or a combination of the two. Note, however, that a recent study by did find repetition priming from a letter distractor occurring at the T1 ϩ 2 position when the second target appeared two items later.
The results described earlier demonstrate that distractors in the RSVP stream undergo a considerable amount of processing, including activation of their categorical status, and that this activation can spread to associated concepts. Indeed, these findings fit well with the hypothesis that during initial processing all items in the RSVP are conceptually indentified, but require additional, capacity limited encoding if they are to enter working memory and become available to consciousness (Chun & Potter, 1995; Potter, 1975 Potter, , 1976 . On the other hand, a number of studies have shown that distractors in RSVP are quite strongly inhibited (Dux et al., 2006; Dux & Harris, 2007a; Maki & Padmanabhan, 1994; Olivers & Watson, 2006) , which may account for why it is sometimes difficult to find priming from a distractor, because its representation would be suppressed before it had a chance to prime a later item. Distractors have long been thought to play an important role in producing the AB (e.g., Chun & Potter, 1995; Raymond et al., 1992; Seifert & Di Lollo, 1997) so it stands to reason that distractor suppression would be a means to improve target selection. Dux et al. (2006; Dux & Harris, 2007a) provided evidence that distractors presented in close proximity to T1 are suppressed. They showed that when the distractor immediately preceding T1 (T1-1) is repeated in the T1 ϩ 1 position, T1 performance was improved and the magnitude of the AB was reduced (see also Drew & Shapiro, 2006 for a similar finding). Dux et al. proposed that the repeated T1 ϩ 1 distractor was more effectively inhibited because its representation had already been suppressed when it was first encountered as T1-1 and, consequently, it interfered less with T1 processing. This distractor repetition effect (DRE) was only found when the repeated distractors were featurally identical (e.g., same case letters, but not cross-case letters) and when the targets and distractors belonged to different categories (letters vs. digits), prompting Dux et al. to suggest that the DRE was because of a combination of perceptual features detectors being more difficult to reactivate at short stimulus onset asynchronies (refractoriness of the perceptual representation) and a negative attentional setting (Folk, Remington, & Johnston, 1992) for the global distractor set. That the distractors are inhibited by attentional control mechanisms was also demonstrated by Maki and Padmanabhan (1994) and Olivers and Watson (2006) , who found that T2 report was reduced when this target shared features (e.g., category or color) with the distractor set.
In contrast with distractors that appear in close proximity to T1, which seem to be inhibited relatively effectively, distractors falling within the AB do not appear to be suppressed to the same extent (Dux & Harris, 2007a) . Dux and Harris found that the DRE was not obtained when the repeated distractors flanked T2 and the first instance of the repeated distractor (T2-1) followed T1 with a lag of 2 to 4 items (i.e., at lags corresponding with the blink), although it was present when the first repeated distractor immediately followed T1. Processing of the item immediately following T1 has often been found to be intact under dual-target RSVP conditions, the so-called lag-1 sparing effect. Thus, Dux and Harris interpreted this as evidence that attention is required to inhibit distractors and that when attention is not available (i.e., during the AB) the distractors escape this inhibition. This account, therefore, would predict greater priming from a distractor presented during the AB, compared with distractors presented prior to T1.
The Present Study
Here we investigate the level of distractor processing in RSVP and test whether the nature of the distractor representation is influenced by the amount of attention it receives-i.e., whether it is subject to an attentional blink or not. In this study, we used pictures of familiar everyday objects as stimuli, rather than alphanumeric characters or words. Objects are a good class of stimuli for investigating these issues because one can easily change the precise perceptual representation of the stimulus without changing its intrinsic shape or meaning, by changing the objects' orientation. This allows us to separate the perceptual (image-based or viewspecific) level of processing from a more abstract, view-invariant, level.
In an earlier study, Dux and Harris (2007b) investigated the effects of object orientation on target and distractor processing in RSVP. In one experiment, they manipulated the orientation of the distractors, such that they were either upright or a mix of nonupright orientations. The participants' task was to report two red upright objects embedded within the distractor stream of black objects. In another experiment, distractor orientation was again manipulated, but this time the participants' task was to report the two black animals presented amongst non-animal distractors. The results of both experiments showed that the orientation of the distractor stream did not have an effect on the size of the AB, suggesting that distractors are processed in an orientation-invariant manner up to a conceptual level that allows target selection on the basis of semantic category (see also Chun & Potter, 1995; Dux & Coltheart, 2005) . In a third experiment, they manipulated the orientation of T1, while keeping T2 and the distractors upright; the participants' task was to report the two red targets. Here, they found that T1 orientation influenced the size of the AB, with targets rotated by 90°producing a more profound blink than upright targets. This finding was interpreted as evidence that orientation effects arise at the stage of encoding and consolidation in visual short-term memory (Dux & Harris, 2007b ; see also Harris, Dux, Benito, & Leek, 2008) .
However, note that the study by Dux and Harris (2007b) did not provide direct evidence that each distractor activates its own unique representation. It is possible that some general statistics about the distractors are extracted (such as, items are generally rotated or upright, and of a non-animal or black variety), without any specific information about individual distractors. Therefore, in the present study, we sought direct evidence that the individual distractors are processed, by asking whether a distractor can prime a target (T2). Thus, the paradigm employed here is one of repetition priming, because the PD is the same object as T2. In order to ascertain the level to which distractors are processed (image-based vs. a more abstract representation), we contrasted priming from a PD presented in the same orientation as T2 with priming from a PD presented in a different orientation; this could be either a rotation in the picture plane (Experiments 1-3) or a mirror-image reflection (Experiment 4). To determine the effect of attention on distractor processing, the position of the PD was varied in different experiments, such that it appeared either prior to T1 (at position T1-2 or T1-1, Experiments 1, 2 and 4), within the attentional blink (position T1 ϩ 2, Experiments 3 and 4) or at longer lags, outside the temporal window of the AB (position T1 ϩ 7 or T1 ϩ 9, Experiments 3 and 4).
Experiment 1
The paradigm used in this experiment was similar to that employed in Experiment 1 of Dux and Harris (2007b) . Participants were required to name two red objects presented amongst a stream of black objects. On half the trials, the distractors were all upright and, therefore, in the same orientation as the targets (which were always presented upright) and on the remaining trials the distractors were presented in varying non-upright orientations (Figure 1) . One of the distractors preceding T1 had the same identity as T2 and was, thus, expected to facilitate report of T2. Based on the results of Dux and Harris (2007b) , we predicted that the priming obtained from this distractor would be independent of the distractor's orientation.
Method
Participants. Twenty-four first-year psychology students at the University of Sydney participated for course credit. They all had normal or corrected-to-normal vision.
Stimuli and apparatus. Fifty line drawings of objects with an unambiguous canonical upright orientation were chosen from the Snodgrass and Vanderwart (1980) corpus. Thirty of them were red line drawings and served as targets, whereas 20 were black line drawings and served as distractors. In addition, black versions of the targets were used as PDs. All stimuli were presented on a white Figure 1 . Examples of experimental trials in Experiment 1. The rapid serial visual presentation (RSVP) sequences contained two red targets (indicated by T1 and T2) and 12 black distractors presented in the same spatial location for 106 ms each. Half the sequences (solid outlines) contained a priming distractor (PD) at position T1-2, whereas the others (dashed outlines) had an unrelated object at that location. Half the trials (black outlines) contained upright distractors, while the others (gray outlines) contained rotated distractors. T1 and T2 were always presented upright and were separated by varying lags (1-6); the figure shows examples of Lag 2 trials. background and subtended ϳ7°of visual angle at the viewing distance of approximately 45 cm.
The experiment was programmed and run on a PC, using DMDX (Forster & Forster, 2003) . The stimuli were presented on a 19-in flat-screen CRT monitor with 85Hz vertical refresh rate.
Design. Each trial comprised a RSVP stream of two red target objects and 12 black distractor objects. The targets were always presented in their upright (0°) orientation, whereas the distractors could be either upright or rotated. T1 was always presented in serial position 4 and T2 followed with a variable lag (1-6; at Lag 1 the two targets were consecutive). The PD, when present, preceded T1 by two items (i.e., serial position 2 or T1-2).
Three independent variables were manipulated in a 2 ϫ 2 ϫ 6 within-subjects design. The first was the relationship between the PD and T2: on half the trials, these were the same object (except for different colors) and on the other half they were unrelated objects. The second variable was the orientation of the distractors in the stream: on half the trials, all the distractors were upright and on the other half they were a random mix of 60°, 90°, and 120°r otations from the upright. The third variable was the lag separating T1 and T2 (1-6). There were 10 trials in each condition, yielding 240 experimental trials. Participants completed two blocks of 120 trials, with the order of conditions randomly intermixed within blocks.
Procedure. Participants were tested individually in a testing session lasting approximately 45 min. Each trial began with a fixation cross displayed for 1 sec, followed by the RSVP stream presented at a rate of 106 ms per item, with no inter-stimulus interval, and ended with the message "Please recall the targets." Participants reported T1 and T2 verbally and the responses were recorded by the experimenter. The experimental trials were preceded by a block of 24 practice trials, in which all distractors were unrelated to T2 (i.e., there was no PD). Figure 2A shows the accuracy of reporting T2, given correct report of T1 (T2͉T1), across lags, for the different priming and distractor orientation conditions. The data were analyzed with a 2 ϫ 2 ϫ 6 repeated-measures analysis of variance (ANOVA). There was an overall effect of Distractor Orientation, F(1, 23) ϭ 35.48, p Ͻ .001, p 2 ϭ .607, with performance on rotated distractor trials (85%) superior to that on upright distractor trials (82%). There was no overall effect of PD, F(1, 23) ϭ .25, p ϭ .62, p 2 ϭ .011, but there was a significant interaction between PD and distractor orientation, F(1, 23) ϭ 8.45, p ϭ .008, p 2 ϭ .269. As can be best observed in Figure 2B , this interaction was because of the presence of positive priming (i.e., facilitated T2 report) in the case of rotated PDs and negative priming (i.e., worse T2 report) in the case of upright PDs. There was also a main effect of Lag, F(5, 115) ϭ 53.44, p Ͻ .001, p 2 ϭ .699, which is indicative of an AB (i.e., T2 performance was worse at short lags than at long lags). In addition, there was a significant Distractor Orientation by Lag interaction, F(5, 115) ϭ 3.54, p ϭ .005, p 2 ϭ .133, whereby the upright distractor trials showed a more pronounced AB than the rotated distractor trials. Finally, there was also a significant 3-way interaction, F(5, 115) ϭ 4.33, p ϭ .001, p 2 ϭ .158.
Results

1
Planned comparisons of each of the PD conditions (upright and rotated) versus the corresponding unrelated condition were conducted to gauge whether significant priming was present at each lag (corresponding to the priming effects shown in Figure 2B ). For upright distractors, there was significant negative priming at Lag 1, 1 A potential concern with the present results is that performance at longer lags (Lags 4-6) was very close to ceiling because almost 50% of the participants obtained perfect T2͉T1 scores at these lags. This inhomogeneity in the distribution of variance across different conditions could potentially skew the pattern of results, and it is not possible to correct for this by transforming the data, given that so many of the data points were actually at ceiling. We, thus, repeated the above analyses excluding the data from Lags 4 through 6 and keeping only the data from the 3 early lags. The results were essentially identical to the original analyses. 
Discussion
Experiment 1 revealed positive repetition priming of T2 from a distractor occurring early in the stream (prior to T1), but only when this distractor was presented in a different orientation from T2. This finding demonstrates that information about individual distractors is extracted during RSVP and that this information is independent of object orientation. Contrary to our expectations, however, an upright PD (i.e., in the identical orientation to T2) resulted in worse report of T2 relative to the unrelated upright trials, i.e., it induced negative priming (Tipper, 1985) . In both cases, the priming effect was only apparent at short lags, suggesting that it may only survive a relatively short separation between PD and the primed target, although we cannot discount the possibility that ceiling effects prevented us from seeing priming at longer lags.
The finding of negative priming from an identically-oriented PD appears to contradict the conclusion that distractors are processed in an orientation-invariant manner, because if they were then one would expect equal priming from a rotated and an identically oriented distractor. Indeed, it is difficult to explain why an object in the identical orientation should prime less than one in a different orientation, given that the identical distractor is more visually similar to the target. Thus, the negative priming from an upright PD strongly suggests that distractors in the RSVP stream must undergo suppression and that this suppression manifests as reduced accuracy when the same stimulus is later encountered as a target (Tipper, 1985) . The present results suggest that this suppression is confined to the exact perceptual appearance of the distractor. According to this interpretation, when the PD is upright, its visual representation is actively suppressed and this causes negative priming for the identical upright T2. In contrast, when the PD is rotated, its visual representation (in the rotated orientation) is suppressed, but this has no adverse effect on the subsequent upright T2, because the two stimuli are perceptually different images. The result is positive priming mediated by aspects of the stimulus that are independent of its exact appearance. It is difficult to say from these results whether this priming is mediated by unbound visual features, which may be insensitive to changes in object orientation, or by a high-level orientation-invariant (i.e., object-centered) representation of the object's identity (Marr, 1980) . Given the time and attentional constraints of the RSVP procedure, local visual features, such as object fragments, are probably a better candidate vehicle for the priming effect seen here than a fully integrated object representation (Evans & Treisman, 2005) , particularly given that such features have been shown to be relatively orientation-invariant (Ullman & Bart, 2004) . Although local visual features might not provide complete information about the specific identity of an object, they have been demonstrated to carry a substantial amount of information pertaining to object identity, and in particular to be optimal for categorizing objects into classes, such as "animal" or "car" or "face" (Evans & Treisman, 2005; Ullman, Vidal-Naquet, & Sali, 2002) . Thus, activation of visual features could provide rapid and efficient access to high-level semantic information about all items in RSVP, before any selection processes that lead to target identification and report, consistent with many reports of conceptual processing of distractors (Chun & Potter, 1995; Dux & Coltheart, 2005; Evans & Treisman, 2005; Maki et al., 1997; Murray, 1995; Potter, 1975 Potter, , 1976 . 3 One potential factor that limits the interpretation of these results is the fact that the orientation relation between the PD and T2 was confounded with the global orientation of the stream of distractors. That is to say, trials in which the PD and T2 were in identical orientations were also trials in which all items in the RSVP stream were upright, and the only difference between targets and distractors was their color. On the other hand, on trials in which the PD and T2 were in different orientations the distractors were all rotated, which may have made them easier to ignore, given that rotated objects are generally identified more slowly (Jolicoeur, 1985) . It is well known that the discriminability between targets and distractors influences the size of the AB (Chun & Potter, 1995; Dux & Coltheart, 2005) and so it is possible that these results are at least in part mediated by these global stream properties. This overall difference in difficulty of target selection may explain why distractors were strongly suppressed in the upright conditions and were perhaps not as (or not at all) suppressed in the rotated conditions. Experiment 2 aimed to address this issue by replicating the results of Experiment 1 while having all distractors in nonupright orientations.
Experiment 2
This experiment investigated T2 priming from a distractor presented prior to T1 that was either perceptually identical to T2 (same object in same orientation) or was in a different orientation from T2. In order to equate the overall composition of the RSVP streams and the ease of target selection, in this experiment all trials contained rotated distractors and T2 itself was also rotated, by either 90°clockwise or 90°anti-clockwise. Therefore, this experiment should allow us to evaluate priming from an identical orientation PD vs. a different orientation PD, in the context of otherwise identical RSVP streams.
Method
Participants. Twenty-eight first year psychology students at the University of Sydney participated for course credit. None had participated in the previous experiment.
Stimuli and apparatus. Sixty line drawings selected from the Snodgrass and Vanderwart (1980) set were used as stimuli. There were 30 target objects, colored red, and 30 distractor objects, colored black. All stimuli were presented on a white background and subtended a visual angle of ϳ7°at the viewing distance of 45 cm. The experiment was programmed and run using the Presentation software (Neurobehavioral Systems, www.neurobs.com). The method of presentation was the same as in Experiment 1.
Design. Each trial comprised a RSVP sequence of 14 items, including two red targets and 12 black distractors. T1 was always presented in the upright (0°) orientation, T2 was always rotated by 90°(on half the trials 90°clockwise, on the other half 90°anti-clockwise) and the distractors were a mix of 60°, Ϯ90°and 120°. T1 was always presented in serial position 4 and T2 followed with a lag of 1, 3, or 6 items. The PD preceded T1 by two items (i.e., serial position 2, or T1-2). Figure 3 shows examples of the stream composition.
There were two independent variables, each with 3 levels: the lag between T1 and T2 (1, 3, or 6 items) and the relation between the PD and T2 (the PD was the same object as T2, in exactly the same orientation; the PD was the same object as T2, but in a different orientation-e.g., if T2 was rotated by 90°clockwise, the PD was rotated by 90°anticlockwise and vice versa; or the PD and T2 were unrelated). There were 10 trials in each condition, making a total of 90 trials.
Four versions of the experiment were created, counterbalancing different pairings of T1 and T2 and different PD and T2 orientation allocations across the experimental conditions. Similarly, the orientation of the remaining distractors was varied across the different versions. On each trial, the program presented a predetermined T1-T2 pair, as well as the relevant PD, while the rest of the distractors were randomly chosen from the distractor pool.
Procedure. Each participant completed one version of the experiment (90 trials, in a randomly intermixed order), in a single 20-min session. All other procedural details were the same as in Experiment 1.
Results
As shown in Figure 4A , T2͉T1 report was lowest when T2 immediately followed T1 (Lag 1) and improved as the lag separating the two targets increased. In addition, T2 accuracy appears to be better when the PD was in a different orientation from T2 compared with when it was in the same orientation or when the critical distractor was unrelated to T2. This was confirmed by a 3 ϫ 3 repeated-measures ANOVA, which found significant effects of lag, F(2, 54) ϭ 118.16, p Ͻ .001, p 2 ϭ .814, and PD, F(2, 54) ϭ 3.15, p ϭ .047, p 2 ϭ .107. Planned contrasts revealed that performance in the PD-different orientation was significantly higher than in the unrelated condition, F(1, 27) ϭ 5.30, p ϭ .029, whereas there was no difference at all between the PD-same orientation and unrelated conditions (F ϭ 0). The interaction between lag and PD was not significant (F Ͻ 1), but as can be seen in Figure 4B , the improved accuracy in the PD-different orientation condition was mostly confined to Lag 1, t(26) ϭ 2.22, p ϭ .035; all other lags, ts Ͻ 1.
Discussion
Consistent with the results of Experiment 1, we found positive priming from a PD that was in a different orientation from T2, but not from a PD that was in the same orientation as T2. This confirms that orientation-invariant information is extracted from distractors and can prime a target presented shortly afterwards (up to 3 items later). Unlike Experiment 1, however, here we did not see negative priming from the same-orientation PD, merely a lack of priming. We attribute the absence of negative priming here to the fact that distractors were not suppressed to the same extent as in the same-orientation PD condition of Experiment 1. In Experiment 1, upright targets occurred amongst upright distractors and so distractors would have had to be strongly suppressed in order Figure 3 . Examples of experimental trials in Experiment 2. The serial visual presentation (RSVP) sequences contained two red targets (indicated by T1 and T2 in the figure) and 12 black distractors presented in the same spatial location for 106 ms each. One third of the sequences (solid black outline) contained a priming distractor (PD) at position T1-2, which was the identical image to T2 (same-orientation PD), one-third of the sequences (solid gray outline) contained a PD rotated 90°relative to T2 (different-orientation PD), while the rest (dashed outline) had an unrelated object at that location. T2 occurred at Lag 1, 3, or 6 relative to T1; the figure shows examples of Lag 1 trials. not to interfere with target selection. In contrast, in Experiment 2 an upright T1 was surrounded by rotated distractors (similar to the rotated distractor conditions of Experiment 1) which would have interfered less with T1 selection, and thus reduced the need to suppress the distractors. Furthermore, the fact that T2 was also rotated might have meant that participants were less likely to apply a blanket inhibitory set to rotated items.
Note that we are not saying that distractors were not suppressed in this experiment, merely that the suppression was not as strong as in Experiment 1. In fact, we would argue that the lack of priming in the same-orientation PD condition is because of a combination of positive priming mediated by orientation-invariant stimulus attributes (similar to that found for the differentorientation PD) and inhibition at the perceptual or view-specific level as a result of distractor suppression. The important message of this experiment is that the different pattern of priming from same-and different-orientation PDs observed in Experiment 1 was replicated here, even though global stream properties were equated between conditions. In this experiment, priming from the different-orientation PD was only present at T1-T2 Lag 1, when the PD and T2 were separated by 2 intervening items (the T1-1 distractor and T1), suggesting once again that the representations activated for distractors do not survive beyond about 300 ms. Although in this experiment ceiling effects were less of a problem (see Figure 4A ), performance at longer lags was nevertheless fairly high, so this possibility still cannot be fully discounted.
Experiment 3
The results of Experiment 1 and 2 suggest that, at least for distractors that precede T1 in the RSVP stream, information is extracted in an orientation-invariant manner and facilitates T2 report for a relatively short time afterwards (up to 300 -400 ms). At the same time, however, we have evidence suggesting that the perceptual representations of the distractors are suppressed during RSVP and that this suppression counteracts the priming of the object's identity, resulting in no net priming or even negative priming when the distractor is perceptually identical to the primed target. However, so far we can only surmise that in the absence of distractor suppression a PD in the same orientation as T2 would positively prime this target; we do not have any direct evidence that this is in fact the case.
We tested this in Experiment 3, by positioning the PD during the attentional blink (at position T1 ϩ 2, or Lag 2). Dux and Harris (2007a) have previously shown that distractors are not effectively inhibited when they fall within the AB, suggesting that attention is needed for distractor inhibition. Thus, one would predict that a failure of distractor inhibition during the AB should allow positive priming on the basis of orientation-invariant information to be observed for the same-orientation PDs.
Method
Participants. Thirty-six new participants from the same pool took part in the experiment.
Stimuli and design. The stimuli, stream composition and priming manipulations were the same as in Experiment 2, with the only exceptions being the lags separating T1 and T2 and the positioning of the PD. Thus, the experiment followed a 3 (priming condition: PD-same orientation, PD-different orientation and unrelated) ϫ 3 (lag) within-subject design. The three lag manipulations were as follows. In the first condition (which we call Lag 4/PD at Lag2) T2 followed T1 with a lag of 4 and the PD occurred at Lag 2 (i.e., 2 items before T2). In the second condition (Lag 9/PD at Lag2) T2 followed T1 with a lag of 9 and the PD occurred at Lag 2 (i.e., 7 items before T2). In the third condition (Lag 9/PD at Lag 7), T2 followed T1 with a lag of 9 and the PD occurred at Lag 7 (i.e., 2 items before T2); see Figure 5 for examples of trials. Thus, in the first two conditions, the PD was at a serial position at which the AB is typically maximal, while in the third the PD was expected to be unaffected by the AB. Comparing priming in the first versus the third conditions allows us to gauge the putative effects of attention on distractor processing, under the same PD-T2 separation conditions.
Procedure. This was identical to Experiment 2, except the presentation rate was changed to 80 ms per item in an effort to get accuracy below ceiling.
Results
Given that the purpose of this experiment was to investigate priming from a distractor that occurred during the AB, we only included participants who did, in fact, show an AB (calculated on an individual basis, by taking the difference between the average T2͉T1 performance at Lag 9 and T2͉T1 performance at Lag 4, in the unrelated condition). An exclusion criterion of AB size Ͻ20% was set, which resulted in the exclusion of 9 participants, leaving 27 for further analysis.
The T2͉T1accuracy across lag and priming conditions is shown in Figure 6A . As can be seen, in contrast to Experiment 2, T2 accuracy was enhanced in both PD conditions (PD-same orientation and PD-different orientation) compared with the unrelated condition, main effect of PD, F(2, 52) ϭ 6.69, p ϭ .003, p 2 ϭ .205. This priming effect is particularly clear in the Lag 4/PD at Lag2 condition, in which the PD was presented in the depth of the AB and occurred shortly before T2. However, it was also present to some extent in the Lag 9/PD at Lag 7 condition, in which both the PD and T2 were expected to be outside the AB and the PD occurred shortly before T2. In contrast, there was no priming in the Lag 9/PD at Lag2 condition, where the PD and T2 were separated by a long lag ( Figure 6B ). This pattern resulted in a marginal interaction between PD and lag, F(4, 104) ϭ 2.05, p ϭ .092, 2 ϭ .073.
Pairwise comparisons testing for differences between each of the PD present and unrelated conditions at each lag revealed significant positive priming at Lag 4 for both PD-same orientation and PD-different orientation conditions, t (26) 
Discussion
When the PD was placed within the AB, robust positive priming was obtained regardless of whether the PD and T2 were in the figure) and 12 black distractors presented in the same spatial location for 80 ms each. One-third of the sequences contained a priming distractor (PD), which was the identical image to T2 (sameorientation PD), one-third of the sequences contained a PD rotated 90°r elative to T2 (different-orientation PD), while the rest had an unrelated object at the relevant location. Only trials containing different-orientation PDs are illustrated here. The top row shows a trial in which the PD is at Lag 2 and T2 at Lag 4, the middle row shows a trial in which the PD is at Lag 2 and T2 at Lag 9, and the bottom row shows a trial in which the PD is at Lag 7 and T2 at Lag 9. same or in different orientations; moreover, the priming effect was of equal magnitude in both cases. This demonstrates that in the absence of attention and distractor suppression distractors in RSVP activate orientation-invariant information that can positively prime subsequent targets.
Again, this priming appears to be short-lived. We saw strong priming when the PD and T2 were separated by a short lag (1 intervening item, or 160 ms SOA) but not when they were separated by a long lag (6 intervening items, or 560 ms). Because in this experiment ceiling effects were not an issue (T2 performance at Lag 9 was 60% correct), this confirms that distractor representations are only briefly available and decay rapidly (Chun & Potter, 1995) .
In this experiment, we also found significant positive priming from a same-orientation PD that occurred at Lag 7 and was shortly followed by T2. This finding was surprising, because this stream position was expected to be outside the temporal window of the AB and, therefore, once again the subject of inhibition. However, because the stimulus onset asynchrony in this experiment was only 80 ms, Lag 7 corresponded to a 560-ms lag, which could well still be within the AB window (Raymond et al., 1992 ). This possibility was tested further in Experiment 4 by presenting the PD at an even later lag (Lag 9 or 720 ms after T1).
Experiment 4
The primary aim of Experiment 4 was to replicate systematically within the same experiment the influence of available attention on distractor suppression, by manipulating the position of the PD in the stream while keeping the distance between the PD and T2 constant. The PD appeared either before the first target, during the AB, or very late in the stream, at a time when the AB should be well and truly over. The second aim of the experiment was to extend the findings to a different image manipulation, namely mirror-image reflection. Some studies have reported that priming from mirror-reflected primes does not occur when the prime is unattended (Stankiewicz, Hummel, & Cooper, 1998; Vernier & Humphreys, 2006) , a finding that appears at odds with the results of the experiments reported here, which suggest that viewinvariant priming (exemplified by picture plane rotations) occurs for unattended distractors. Therefore, Experiment 4 tested whether priming can be obtained from a mirror-reflected distractor under the same RSVP conditions as the previous experiments.
We predicted that for a PD identical to T2 we should see no priming, or negative priming, when it was presented either before T1 or late in the RSVP stream, and positive priming when it appeared during the AB, when there is no active distractor suppression. In contrast, for a mirror-image PD, we predicted similar patterns of priming at all lags: either positive priming, if mirrorreflections behave the same as object rotations under these testing conditions; or no priming, if recognition of unattended distractors does not generalize across mirror-reflections in this paradigm.
Method
Participants. Forty new participants took part in the experiment.
Stimuli. Thirty line drawings of objects from the Snodgrass and Vanderwart (1980) corpus were used as targets, and another 30 were used as distractors. The targets were chosen to be clearly asymmetrical in the horizontal dimension, resulting in minimally overlapping contours between the original and mirror-image versions of the objects. As in the previous experiments, the targets were drawn in red and the distractors in black. Black versions of the target items, both in the identical orientation to the target and mirror-reflected, were used as PDs (see Figure 7 for examples).
Design and procedure. There were two independent variables, each with 3 levels: the relation between the PD and T2 (the PD was the same object as T2, in the same orientation; the PD was the mirror-image of T2; or the PD and T2 were unrelated objects) and lag between T1 and T2 (1, 4, or 11 items). Four versions of the experiment were generated, counterbalancing different T1-T2 pairings and different PD and T2 orientation allocations (same vs. mirror-image) across the experimental conditions. There were 90 experimental trials (10 per condition), with order of the conditions randomly intermixed.
All items were presented in their canonical (e.g., upright) orientation, so in order to equate the difficulty level between this experiment and Experiments 2 and 3 (where T2 was rotated by 90°), T2 was presented for only 59 ms and was followed by a 130-ms mask that ended the RSVP stream (see Nieuwenstein, Potter, & Theeuwes, 2009 for a similar procedure). This resulted in streams of variable length, with a maximum sequence comprising 17 items, including two red targets and 15 black distractors (but could be as short as five items). Target 1 always occurred at serial position 4 and T2 followed with a lag of 1, 4 or 11 items. The PD was always two serial positions before T2. Thus, in the Lag 1 condition, the PD was the item just before T1 (T1-1); in the Lag 4 condition, the PD was at Lag 2 (within the AB); and in the Lag 11 condition, the PD was at Lag 9 (beyond the temporal window of the AB). All items in the stream, other than T2, were presented for 80 ms with no interstimulus interval. All other procedural details were as in Experiment 2. figure) and up to 15 black distractors presented in the same spatial location for 80 ms each. One third of the sequences (solid black outline) contained a priming distractor (PD) that was the identical image to T2 (same-orientation PD), one-third of the sequences (solid gray outline) contained a PD that was the mirror-image of T2 (mirror-image PD), while the rest (dashed outline) had an unrelated object at that location. The PD was always two lags before T2; the lag between T1 and T2 was 1, 4, or 11 items. The figure shows examples of Lag 1 trials.
Results
Similar to Experiment 3, we excluded participants who did not show an AB. AB size was calculated on an individual basis as the difference between T2͉T1 accuracy at the longest lag (Lag 11) and T2͉T1 accuracy at the shortest lag (Lag 1) for the Unrelated conditions and any participants with an AB size smaller than 20% were excluded. 4 This resulted in the exclusion of 2 participants, leaving 38 for further analysis.
A 3 (PD) ϫ 3 (lag) repeated-measures ANOVA revealed a significant main effect of PD, F(2, 60) ϭ 7.35, p ϭ .002, 2 ϭ .166, and a significant effect of Lag, F(2, 60) ϭ 267.77, p Ͻ .001, 2 ϭ .879; however, the interaction between the two factors did not reach significance, F(4, 120) ϭ 2.00, p ϭ .097, 2 ϭ .051. As illustrated in Figure 8A , the presence of a mirror-image PD improved T2 report relative to the unrelated distractor condition at all lags tested, while the presence of an identical PD improved T2 report only when this PD was presented during the blink (Lag 4 condition). Planned comparisons between each PD and unrelated conditions at each lag revealed significant positive priming for the PD-same orientation condition at Lag 4, t(37) ϭ 2.09, p ϭ .043, but no priming in this condition at Lags 1 or 11 (ts Ͻ 1, ps Ͼ .37). For the PD-mirror image condition, there was significant positive priming at Lag 4, t(37) ϭ 2.68, p ϭ .011 and Lag 11, t(37) ϭ 2.18, p ϭ .036, and a marginally significant priming effect at Lag 1, t(37) ϭ 1.89, p ϭ .068.
Differences in patterns of performance in the PD-same orientation and PD-mirror image conditions across the three lags were also tested with a planned contrast with coefficients: Ϫ12Ϫ11Ϫ21, across lags (Lag 1, Lag 4, Lag 11) and PD conditions (PD-same orientation vs. PD-mirror image). This contrast directly tests the hypothesis that the availability of attention (i.e., Lag 4 vs. the other two lags) differentially modulates the pattern of priming from same-orientation PDs and mirror-image PDs. This contrast was significant, F(1, 37) ϭ 4.76, p ϭ .036, p 2 ϭ .114, confirming that the direction of priming from same-orientation PDs changes depending on whether this distractor is attended or subject to an AB, but that attention does not modulate priming from mirror-image PDs.
Discussion
The results of Experiment 4 are clear. First, there was positive priming from a mirror-image PD at all lags. This finding demonstrates that distractors in RSVP are processed to a level that is invariant not only to changes in picture plane orientation but also to mirror reflection, and that this processing occurs irrespective of whether the distractors are attended or not. Second, although there was positive priming from a same-orientation PD presented during the AB, there was clearly no priming (and, if anything, there was a trend towards negative priming) when this PD was presented outside the temporal window of the AB, either before T1 or at Lag 9 (720 ms after T1). This experiment, therefore, confirms that the failure to see evidence of distractor suppression for sameorientation PDs at Lag 7 in Experiment 3 was because this lag was not late enough to escape the AB. The present results provide strong support for the idea that distractors in RSVP streams are actively suppressed at a view-specific level, and that this suppression fails during the AB (Dux & Harris, 2007a; . These findings are also in keeping with the idea that multiple levels of representation are activated for distractors during RSVP.
At first blush, the present results appear to contradict studies that found no priming from unattended mirror-image primes In Experiment 3, the AB size was calculated as the difference between Lag 9 (longest lag used) and Lag 4 (shortest lag used). Here, using Lag 4 as the shortest lag would have resulted in the exclusion of too many of the participants. Because the Lag 1 condition had the lowest accuracy (i.e., there is no evidence of Lag-1 sparing), this is the most appropriate lag to use to measure the depth of the AB in this experiment, especially given that it is also the closest lag to the PD lag of interest (Lag 2). (Loftus & Masson, 1994) . B) Magnitude of priming in the two distractor conditions (for each distractor type, same orientation or mirror image, priming distractor [PD]-unrelated T2͉T1 performance), plotted as a function of T1-T2 lag. Error bars represent SEM for the comparisons between each primed condition and the baseline. iewicz et al., 1998; Vernier & Humphreys, 2006) . However, one important difference between the paradigm used here and the experiments reported in these other studies is the nature of the attentional manipulation. In the study by Stankiewicz and colleagues, the primes were presented at either cued or uncued spatial locations, and so that study investigated the effects of spatial attention on view-invariant priming. Similarly, the patients studied by Vernier and Humphreys suffered from parietal lesions and associated spatial attention deficits (e.g., extinction and neglect). Therefore, their results speak to the need for spatial attention in mediating view-invariant priming and recognition. In our experiments, all items were presented at an attended spatial location but temporal, or central attention, varied depending on whether or not a stimulus fell in the AB. Thus, in conjunction with the results of Stankiewicz et al. (1998) and Humphreys and colleagues (Forti & Humphreys, 2007; Vernier & Humphreys, 2006) , the present findings suggest that view-invariant priming requires spatial attention, but not central attention (see Johnston, McCann, & Remington, 1995 , for a discussion of different types of attention).
This experiment revealed a clear difference in the pattern of priming for same-orientation and mirror-image PDs, despite the fact that selection requirements were constant between the conditions (i.e., upright targets had to be selected from amongst upright distractors). Together with the findings of Experiments 2 and 3, this clearly shows that any differences in the pattern of priming obtained from perceptually identical and differently oriented distractors are due to the characteristics of the specific PDs not to some qualitative difference between the way upright and rotated distractors are processed.
General Discussion
This study investigated the extent to which familiar object distractors are processed in RSVP, by measuring repetition priming from a distractor to a target (T2). To gain insights into the level of processing of the distractors, we contrasted priming from a perceptually identical distractor (i.e., same object in the same orientation as T2) with priming from a distractor presented either in a different picture plane orientation from T2 (Experiments 1-3), or as the mirror reflection of T2 (Experiment 4). The study also compared distractor processing under conditions where different attentional resources were available, by contrasting priming from a distractor presented during the AB with priming from distractors presented either before T1 or after the end of the AB. There were four main results:
First, in all of the experiments we found evidence of repetition priming, in the form of facilitated T2 report, when the PD was presented in a different orientation from T2. This demonstrates that orientation-invariant information about distractors is extracted during RSVP, as originally proposed by Dux and Harris (2007b) .
Second, we found that a PD that was the identical image to T2 yielded no priming, and sometimes even induced negative priming, when it was presented either before T1 or late in the stream (i.e., outside the temporal window of the AB). This finding suggests a relatively strong inhibition of the perceptual representations of the distractors. That we found similar evidence of distractor suppression when the identical PD was an upright (Experiments 1 and 4) or a rotated object (Experiment 2) demonstrates that this suppression is a general mechanism applied to all distractors, rather than reflecting a fundamentally different mode of processing for upright and rotated distractors.
Third, when the PD occurred during the AB (at Lag 2), T2 was primed to the same extent regardless of the orientation of the PD. This finding provides strong evidence that distractors are not effectively suppressed during the AB.
Finally, the priming found in these experiments was short-lived and did not extend beyond about 300-400 ms. In the following, we consider the implications of these findings in light of current theories of RSVP processing and AB and suggest a unified account of distractor processing.
Implications for Current Theories of the AB
The original account of the attentional blink (Raymond et al., 1992) envisioned the AB as the closure of an attentional gate upon detection of T1, to protect it from the disruptive influence of trailing items. Thus, according to this view, all items following T1 (with the possible exception of the stimulus immediately trailing T1 at Lag 1) are shut out at an early perceptual stage of processing. This account was subsequently abandoned, as evidence began to accumulate that items presented during the AB are analyzed at a conceptual level (Isaak et al., 1999; Luck et al., 1996; Maki et al., 1997; Martens et al., 2002; Pesciarelli et al., 2007; Shapiro, Driver et al., 1997) . Following this gating theory, capacity-limitation accounts of RSVP processing dominated the field (e.g., Bowman & Wyble, 2007; Chun & Potter, 1995; Jolicoeur & Dell'Acqua, 1998) . According to such models, all items in the RSVP stream (including distractors and targets missed during the AB) briefly activate representations in a conceptual memory store (Stage 1), although they are not usually encoded in a more lasting form unless they are selected and consolidated into visual-short term memory (VSTM) (Stage 2). These accounts placed the blame for the AB squarely on capacity limitations at the stage of encoding.
Capacity-limitation (also known as resource depletion) accounts have recently come under criticism because of new findings which suggested that multiple targets can be encoded and reported successfully, provided they occur in consecutive positions in the RSVP stream (Di Lollo, Kawahara, Ghorashi, & Enns, 2005; Nieuwenstein & Potter, 2006; Nieuwenstein et al., 2009; Olivers, Van der Stigchel, & Hulleman, 2007; Taatgen, Juvina, Schipper, Borst, & Martens, 2009; Wyble, Bowman, & Nieuwenstein, 2009) . This "spreading the (Lag 1) sparing" finding was deemed inconsistent with the prediction that T1 encoding occupies a structural bottleneck and consumes all attentional resources for approximately 500 to 600 ms, leaving no attention for subsequent targets (but see Dux, Asplund, & Marois, 2008 for evidence that spreading the sparing is not problematic for resource depletion accounts). Di Lollo et al. (2005) proposed a temporary loss of control (TLC) account to explain the AB. They suggested that during RSVP processing an attentional filter is configured to select targets and reject distractors on the basis of target-defining features (e.g., the color red or the category of letter). According to the TLC account, this filter successfully rejects the distractors and selects the targets. However, selection of the first target causes a central executive to momentarily lose control of the attentional filter such that it is no longer optimally configured to process targets, resulting in an AB. On the other hand, if consecutive targets are presented, the filter configuration remains unchanged, resulting in unimpaired target report for up to three or even more targets (Di Lollo et al., 2005; Nieuwenstein & Potter, 2006; Olivers et al., 2007) . A somewhat similar account was proposed by Olivers and colleagues (Olivers & Meeter, 2008; Olivers et al., 2007) . According to their "boost and bounce" theory, all items are initially processed to a sensory level (similar to Stage 1 described above). Then, gating units "boost" (strengthen) target representations and "bounce" (suppress) distractor representations through feedback mechanisms. A strong suppressive response triggered by the distractor following T1 is thought to be responsible for the AB (see also Taatgen et al., 2009) .
The findings reported here have strong implications for the theories discussed above. First of all, the observation of positive and orientation-independent repetition priming from distractors which, moreover, only lasts a few hundred milliseconds provides support for two-stage accounts of RSVP processing. However, the two-stage accounts have difficulty explaining the absence of priming (and, indeed, the negative priming in Experiment 1) from a PD that is the identical image to T2. If distractors activate high-level conceptual representations, then we would expect both sameorientation and different-orientation PDs to produce similar levels of priming. The negative priming observed for same-orientation PDs seems best accounted for by distractor suppression at a view-specific level of processing and, thus, is in line with models that advocate active distractor inhibition during RSVP (Dux et al., 2006; Dux & Harris, 2007a; Olivers & Meeter, 2008; Olivers & Watson, 2006) . However, it is important to note that our findings clearly indicate that this suppression operates strictly at a viewspecific level and does not generalize to other levels of representation of the distractors-otherwise, we would not have seen any positive priming from a different-orientation PD. Furthermore, we have evidence that whereas PDs that occurred before T1 were suppressed successfully, those following T1 with a short lag (at position T1 ϩ 2) were not. For this reason, our results run counter to the predictions of the "boost and bounce" theory (Olivers & Meeter, 2008) which predicts strong and sustained suppression of the distractors following T1, but are consistent with Dux and Harris' (2007a) proposal that distractors are not suppressed during the AB (see also . The TLC theory is not very explicit about the extent to which distractors might be processed, but given its strong emphasis on an input selection filter which outright rejects distractors (especially those before T1), it is unclear how this theory would account for the positive priming from a distractor occurring prior to T1 or, indeed, during the period of loss of endogenous control over the filter (i.e., during the AB).
Toward a Model of Distractor Processing in RSVP
To account for the present results a number of elements from the theories outlined above need to be incorporated. In line with two-stage accounts (Bowman & Wyble, 2007; Chun, 1997; Chun & Potter, 1995) , we propose that orientation-independent information is extracted from all items in the RSVP stream, regardless of whether they are targets or distractors and regardless of whether or not they receive attention; this might be conceptualized as activating a type representation in memory. Note that the present experiments do not provide evidence that specific identity representations are fully accessed for distractors; it is equally possible (indeed, more probable) that the priming seen here occurred on the basis of unbound visual features (e.g., local object fragments that are robust to changes in orientation). Nevertheless object features have been shown to provide optimal direct access to semantic and categorical information (Rogers et al., 2004; Ullman et al., 2002) and are thus likely to support the activation of conceptual information that has been repeatedly demonstrated for various types of distractors (e.g., words, but also scenes, including rotated scenes) in RSVP (Evans & Treisman, 2005; Guyonneau, Kirchner, & Thorpe, 2006; Potter, 1975 Potter, , 1976 Thorpe, Fize, & Marlot, 1996; VanRullen & Thorpe, 2001 ).
We also propose that when attention is available (i.e., for targets and distractors that are not subject to the AB), the precise perceptual appearance of that item is also processed; this could be conceptualized as establishing a token (i.e., a perceptual instantiation) of that object. In the case of targets, this perceptual instantiation is integrated with the type information as the object is encoded in VSTM; evidence for this comes from the finding that viewpoint costs are incurred when targets are consolidated for report and not when they simply have their type representations activated (Dux & Harris, 2007b; Harris et al., 2008) . In the case of distractors, on the other hand, the perceptual representation is suppressed, presumably in order to prevent it from accidentally entering VSTM (see also Dux et al., 2006; Olivers & Watson, 2006 , for evidence of distractor suppression at a perceptual level). Finally, we propose that attention is necessary to form and maintain the instantiated object tokens that contribute both to target report and to distraction suppression. When attention is not available, target consolidation is impaired and the distractors appearing in close proximity to the targets are not effectively suppressed, resulting in increased interference and a more profound AB (Dux & Harris, 2007a; .
Conclusions
By using stimuli that allow an easy dissociation between perceptual and conceptual levels of processing (i.e., familiar objects), this study has revealed a number of important and novel aspects of distractor processing under RSVP conditions. It has demonstrated unequivocally that distractors are processed to a level that is independent of the precise perceptual representation of the stimulus. At the same time, it has also demonstrated that the perceptual representations of the distractors are actively suppressed during RSVP, but this suppression fails in the absence of attentional resources (i.e., during the attentional blink). These findings, therefore, suggest a complex interplay between attention and the processing of conceptual information vs. processing of perceptual information.
